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Abstract : 


Sec  Page  13 

A  description  of  the  0R1.  Fluids  Knglneering  unit  Axial 
Flow  Research  Fan  is  presented  herein.  The  size  and 
flexibility  of  this  facility  are  such  as  to  provide  a 
previously  unavailable  capability  for  research  on  the 
time-dependent  response  of  axial  flow  turbomac.hinory 
blade  elements  and  blade  rows  to  time  or  spatially 
varying  flows.  Flows  of  this  type  arc  generated  by 
interaction  of  adjacent  blade  rows  or  by  blade  row 
response  to  a  distorted  inflow.  Consequently,  an 
understanding  of  the  phenomena  that  govern  blade 
response  in  these  environments  is  of  considerable 
practical  significance. 
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INTRODUCTION 


A  major  technical  problem  In  the  reduction  of  noise  and  vibration  from 
all  classes  of  turbomachines  rests  at  the  source  Itself,  namely  at  the 
compressor,  pump,  fan  or  propeller  which  is  used  to  supply  energy  to  the 
fluid.  All  of  these  devices  generate  undesirable  sound  and  vibration  due 
to  the  same  basic  phenomena  -  the  response  of  parts  of  the  machine  to  a 
temporally  and  spatially  non-uniform  flow.  The  widespread  exposure  to  these 
machines  has  led  to  an  upsurge  in  public  awareness  of  the  deleterious  effect 
on  the  environment  of  turbomachinery  generated  noise  and  vibration.  This 
in  turn  has  led  to  legislative  control.  The  present  interpretation  of  the 
generation  of  pollution  of  this  type  is  derived  by  analysis  from  calculated 
results  based  on  the  application  of  unsteady  isolated  airfoil  theory.  This 
theory  has  not  been  checked  in  this  application.  Consequently,  the  results 
obtained  are  open  to  question.  The  ORL  Axial  Flow  Research  Fan  (AFRF)  was 
designed  specifically  to  provide  a  capability  for  detailed  research  which  will 
define  the  response  of  axial  flow  turbomachinery  blade  elements  and/or  blade 
rows  to  unsteady  flows  of  the  type  encountered  in  practice.  Consequently,  it 
provides  a  unique  capability  for  the  generation  of  design  data  and  for 
phenomenological  studies  whose  results  can  be  used  to  evaluate  the  adequacy 
of  theoretical  models. 


NOMENCLATURE 


Local  total  pressure  coefficient,  (p, 


LOCAL 


Number  of  inflow  disturbance  cycles  encountered  per  revolution 


Atmospheric  pressure 


Reference  static  pressure  measured  by  pitot-static  tube 


Reference  total  pressure  measured  by  pitot-static  tube 


Local  static  pressure  measured  at  a  station  in  the  rotor- 
stator  region,  ps.  -  p8  -  P8lnrAI  when  Probc  is 

LOCAL  2 LOCAL  LOCAL 

aligned  with  the  flow. 


LOCAL 


Local  total  pressure  measured  at  a  station  in  the  rotor-stator 
region 


PT LOCAL 


Outer  casing  static  pressure 


Reference  dynamic  pressure,  l/2p 


Outer  casing  inside  radius,  10.75  inches 
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Local  radius 
Local  velocity 

Average  local  velocity 

2  1/2 
Reference  velocity,  [  -  <pTr£F  "  PSREF>] 

Maximum  amplitude  of  fluctuating  lift 
Maximum  amplitude  of  fluctuating  moment 
Static  pressure  difference 

Local  flow  angle,  a  ■  0  for  flow  in  a  plane  containing  the 
facility  centerline 

Circumferential  position  measured  in  a  plane  normal  to  the 
facility  centerline,  positive  for  counterclockwise  rotation 
when  looking  forward. 

Stagger  angle,  angle  between  airfoil  chord  line  and  the  axial 
direction 

Atmospheric  density 
Reduced  frequency 
GENERAL  DESCRIPTION  OF  THE  AXIAL  FLOW  RESEARCH  FAN 

The  ORL  Axial  Flow  Research  Fan  (AFRF)  was  designed  and  built  by  personnel 
of  the  Fluids  Engineering  unit.  The  facility  became  operational  in  January  1972. 
An  artist's  concept  of  the  AFRF  is  presented  in  Figure  1,  and  a  photograph  of 
the  facility  as  it  appeared  in  October  1971  is  presented  in  Figure  2.  The 
facility  operates  in  the  stagnation  pressure  ratio  range  from  1.01  to  1.11. 

Major  sections  of  the  AFRF  are  mounted  on  welded  aluminum  angle  support 
dollies  which  can  be  moved  along  the  longitudinal  axis  of  the  facility  for 
configuration  changes.  The  dollies  rest  on  grooved  wheels  which  run  on 
tracks  that  are  welded  to  the  upper  longitudinal  members  of  the  support  stand. 
This  support  stand-dolly  mounting  arrangement  was  adopted  for  the  following 
reasons: 

(1)  Major  sections  of  the  facility,  such  as  the  disturbance  producing 
section  and  the  test  section,  could  be  separated  easily  in  the 
direction  of  the  axis  of  the  machine  for  configuration  changes. 
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(2)  The  results  presented  in  Reference  (1)  Indicated  that  flow  non- 
uniforaitics  due  to  the  presence  of  an  inlet  vortex  would  be  present 

if  the  separation  between  the  inlet  and  any  solid  boundary,  such  as  the 
floor,  was  less  than  2.15  inlet  diameters.  The  AFRF  centerline  is 
85-5/8-inches  above  the  floor,  which  is  3.98  inlet  diameters. 

(3)  Capability  to  rotate  automated  probes  through  a  full  360°  in  the 
region  of  the  test  stage  was  desired. 

The  AFRF  is  19-2/3  feet  long  and  consists  of  an  annular  flow  passage 
bounded  at  one  end  by  a  bellaouth  inlet  and  at  the  other  end  by  an  exhaust 
throttle.  The  t trward  region,  from  the  inlet  to  a  point  just  upstream  of 
the  test  rotor  b  ade  drive  motor,  is  bounded  by  a  9.50-inch  diameter  cylindrical 
hub  surface  and  a  21.50-inch  inside  diameter  cylindircal  outer  casing.  These 
surfaces  are  capered  to  slightly  larger  diameters  near  the  downstream  end  to 
permit  housing  the  70  HP  test  rotor  drive  motor  inside  the  hub  and  to  permit 
connection  Co  the  auxiliary  fan  outer  casing.  The  70  HP  drive  motor  is  strut 
mounted  on  its  own  dolly.  The  auxiliary  fan  is  a  Joy  Manufacturing  Company 
Model  So.  23  1/4-14-3450  Scries  1000  Axivane  Fan  which  delivers  15,000  cubic 
feet  of  air  per  minute  at  a  pressure  of  3.5  inches  of  water  gauge  at  its  nominal 
operating  condition.  The  auxiliary  fan  drive  motor  and  the  70  HP  motor  operational 
characteristics  can  be  independently  regulated  at  any  speed  up  to  3600  RPM 
through  the  use  of  two  Borg  Warner  Model  No.  BW1200  Solid  State  Adjustable 
Frequency  Drive  inverter  units.  With  a  zero  steady  lift  rotor  of  the  type  to 
be  used  in  some  of  the  initial  research  programs,  the  auxiliary  fan  will  be 
used  to  provide  the  airflow.  In  this  mode,  two  methods  are  available  for  final 
adjustment  of  the  throughflow  velocity:  (1)  frequency  adjustment  of  the 
auxiliary  fan  drive  control  with  fixed  throttle  setting,  or  (2)  throttle  position 
adjustment  with  the  auxiliary  fan  operating  at  a  fixed  speed.  Frequency  adjust¬ 
ments  are  normally  used  with  the  throttle  in  the  aft  or  full  open  position 
since  this  yields  the  highest  throughflow  velocity  for  a  given  frequency  setting. 

A  photograph  of  the  exhaust  throttle  region  with  the  throttle  in  the  aft  position 
is  shown  in  Figure  3.  Six  inches  of  throttle  travel  is  available.  Throttle 
position  is  automatically  set  by  operation  of  a  225  in-oz.  torque  Slo-Syn  type 
SS250-1027  Driving  Motor  which  is  controlled  by  a  Slow-Syn  Present  Indexer. 

With  this  system,  throttle  movement  can  be  limited  to  a  step  of  1/3200  inch 
or  can  be  as  large  as  a  step  of  3.472  inches. 

The  wooden  vane  system  that  projects  upstream  from  the  bellmouth  inlet, 

Figure  2,  consists  of  eight  6-foot  diameter  1/4-inch  plywood  vanes.  These 
vanes  were  installed  to  remove  rotation  that  could  exist  in  air  that  is 
accelerated  into  the  inlet  from  supposedly  "at  rest"  conditions  within  the 
Garfield  Thomas  Water  Tunnel  Building  where  the  AFRF  is  located.  The  AFRF 
shares  a  work  area  that  measures  approximately  140  x  30  x  40  feet  in  length, 
width  and  height,  is  divided  into  three  major  floor  levels,  contains  six  other 
research  facilities  whose  size  is  comparable  to  that  of  the  AFRF  or  larger, 
and  has  numerous  doors  and  windows  in  the  outside  walls.  Consequently,  it  is 
Impossible  to  restrict  activity  in  this  area  to  achieve  "totally  controlled" 
operating  conditions.  The  inlet  anti-rotation  vanes  were  designed  as  a  first 
stop  in  the  effort  to  obtain  controlled  test  conditions  within  the  AFRF, 
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The  bellmouth  Inlet  measures  53-1/A  inches  in  outside  diameter,  21-1/2  inches 
in  Inside  diameter,  and  is  made  of  laminated  mahogany.  It  contains  axial 
grooves  on  its  periphery  to  permit  installation  of  and  to  provide  support 
for  the  anti-rotation  vanes.  The  centerbody  nose,  which  is  visible  in  Figure  2, 
is  made  of  aluminum  in  the  shape  of  a  length-to-diameter  ratio  2  ellipse  nose 
followed  by  a  short  9-1/2  inch  diameter  cylindircal  section. 

The  two  24-inch  long  outer  casing  segments  positioned  just  downstream  of 
the  bellmouth  inlet  house  the  disturbance  generating  section.  This  48-inch 
long  flow  path  was  provided  to  permit  the  development  of  distorted  flowfields, 
generated  by  placing  honeycomb,  wire  grid,  or  cylindrical  rod  obstructions  at 
the  forward  end  of  the  cylindrical  annulus,  into  a  desired  pattern  at  the  rotor 
inlet.  Three  disturbance  generators  of  the  wire  grid  type  are  shown  in  Figure  4. 
These  grids  were  designed  to  provide  a  sinusoidal  variation  of  axial  velocity 
with  a  pcak-to-pcak  variation  of  ilOX  about  a  mean  value  of  80  ft/sec. 

The  section  immediately  downstream  of  the  disturbance  producing  section 
houses  the  test  rotor-stator  stage  and  is  the  heart  of  the  AFRF.  Detailed 
photographs  of  this  section  arc  presented  in  Figure  5.  The  outer  casing  of 
the  part  of  this  section  forward  of  the  stator  housing  is  free  to  rotate  about 
the  AFRF  centerline.  This  segment  of  outer  casing  is  supported  by  two  large 
bearings,  the  housings  for  which  are  shown  clearly  in  Figure  5b.  Rotation  is 
controlled  manually,  at  present,  and  is  accomplished  by  turning  the  wheel  driven 
worm  gear  shown  in  Figure  5b.  This  capability  was  provided  to  permit  rotation 
of  casing  mounted  flow  surveying  probes,  of  the  type  shown  in  Figure  5a,  in 
the  circumferential  direction. 

The  photographs  in  Figure  5  were  taken  during  the  shakedown  test  phase. 
Consequently,  base  filler  blocks  occupy  the  hub  slots  that  would  normally 
be  occupied  by  rotor  blades.  Figure  5a,  or  stator  blades,  Figure  5b.  These 
hub  features  are  visible  because  one-half  of  one  of  the  split  outer  casing 
sections  was  removed  for  these  photographs.  The  AFRF  design  utilizes  split 
outer  casing  and  hub  sections  both  upstream  of  and  downstream  of  the  stator. 

By  interchanging  split  sections  of  different  lengths,  it  is  possible  to  move 
the  stator  blade  row  axially  relative  to  the  rotor  blade  row.  Thus,  tests  with 
rotor-stator  spacings  of  3,  6,  9  or  12  inches  arc  easily  achieved.  For  6-inch 
chord  blades,  these  dimensions  correspond  to  nondimensional  rotor-stator  spacings 
of  from  1/2  to  2  blade  chord  lengths.  When  the  stator  is  moved,  part  of  the 
weight  of  the  stator  system  is  carried  by  cylindrical  shafts  that  are  mounted 
externally  on  the  outer  casing.  The  remainder  of  the  weight  is  carried  by  a 
ball  bushing  system  mounted  in  the  hub.  In  Figure  6,  the  external  shafts  have 
been  moved  to  their  aft  position  to  permit  rotation  of  the  probe. 

The  only  components  downstream  of  the  stator  at  present  are  the  70  HP 
rotor  drive  motor,  the  auxiliary  fan,  and  the  throttle.  These  components  were 
intentionally  located  at  a  downstream  distance  great  enough  to  permit  insertion 
of  a  silencer  Just  downstream  of  the  stator  and  thus  upstream  of  the  noise 
generating  drive  motors.  An  Industrial  Acoustics  Company  Model  No.  22  CL  44 
Conic-Flow  Silencer  has  been  purchased  for  this  purpose.  This  silencer  will  be 
installed  as  soon  as  the  adapter  hardware  is  fabricated.  An  additional  silencer 
of  this  type  may  be  located  downstream  of  the  drive  motors  at  a  future  date. 
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INSTRUMENTATION  AND  DATA  LOCCINC 


The  instrumentation  and  data  logging  systems  utilized  in  measuring  reference 
operating  conditions  and  mean  flow  properties  in  the  rotor-stator  region  are 
described  herein.  These  systems  were  developed  for  use  during  the  shakedown 
test  phase.  The  more  sophisticated  systems  required  for  the  measurement  of 
time-dependent  quantities  will  be  described  in  later  reports. 


A  United  Sensor  A  Control  Corp.  modified  Prandtl  type  pitot-static  tube 
was  used  to  measure  reference  flow  conditions  just  downstream  of  the  bcllmouth 
inlet.  This  probe  has  a  head  that  is  fourteen  tube  diameters  long.  The  probe 
total  pressure,  PTjyrp*  static  pressure,  Psg^p •  were  used  to  define  the  AFRF 


reference  velocity,  vKlp. 


at  the  annulus  mid-radius. 


For  flow  property  measurements  in  the  rotor-stator  region,  where  a  check  on 
flow  angle  was  also  desired,  a  United  Sensor  6  Control  Corp.  two-dimensional 
type  YC  probe  was  used.  This  is  a  three-hole  probe  with  a  prism  shaped  measuring 
section  that  permits  measurement  of  total  and  static  pressure  as  well  as  flow 
angle. 


The  output  from  these  probes,  which  is  in  the  form  of  a  pressure  difference, 
was  converted  to  voltage  readings  through  the  use  of  Vallrlyne  Engineering  Corporation 
Model  DP  15  0.5  PSID  Variable  Differential  Pressure  Transducers .  A  typical 
calibration  record  for  one  of  these  transducers  is  shown  in  Figure  6.  The 
transducer  output  is  linear  over  an  applied  differential  pressure  range  in  excess 
of  the  range  covered  in  normal  AFRF  operation. 

A  block  diagram  showing  the  data  acquisition  and  reduction  system  used  in  the 
shakedown  test  series  is  shown  in  Figure  7.  The  raw  data  from  the  Prandtl  and 
Type  YC  probes,  and  data  from  probe  position  transducers,  was  recorded  on  paper 
tape  for  computerized  reduction  and  in  tabular  form  for  inspection  as  each  test 
progressed.  The  reduced  data  was  presented  in  tabular  form  and  in  the  form  of 
plots  of  significant  parameters  ns  a  function  of  non-dimensionalized  radius 
through  use  of  a  Cal  Comp  718  Flat  Bed  Plotter. 

The  probe  position  transducers  indicate  the  radial  and  angular  position  of 
the  probe  used  to  measure  flow  properties  in  the  rotor-stator  region.  The  probe 
support  mechanism  shown  in  Figure  5a  is  a  basic  L.  C.  Smith  Company  unit  that 
has  been  modified  by  ORL  personnel  to  incorporate  digital  stepping  motors. 

With  the  outer  casing,  and  hence  the  probe,  set  at  a  fixed  circumferential  angle, 
the  probe  operation,  both  radial  stepping  and  rotation  about  the  probe  axis  to 
achieve  probe  alignment  with  the  flow  direction,  is  completely  automatic.  During 
the  shakedown  tests,  radial  traverses  were  routinely  made  in  which  total  and 
static  pressure  and  flow  direction  were  recorded  in  radial  steps  of  1/4  inch, 
i.c.,  a  total  of  23  radial  positions,  in  25  minutes.  Changes  in  probe  axial 
position  require  withdrawing  the  probe  through  a  hole  in  the  outer  casing, 
sliding  the  probe  support  mechanism  axially,  and  inserting  the  probe  at  the  desired 
outer  casing  access  port.  Access  ports  are  shown  in  Figure  5a.  These  ports 
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are  located  at  1/2-inch  increments  in  all  major  outer  casing  segments  from  the 
second  section  of  the  disturbance  generating  section  to  the  section  downstream 
of  the  stator. 

SHAKEDOWN  TESTS 


The  basic  operational  characteristics  of  the  facility  are  shown  in  Figure  8 
where  the  variation  of  reference  velocity,  Vref,  as  measured  by  a  pitot-static 
tube  located  centrally  in  the  6-inch  wide  annular  passage  at  a  point  12  inches 
downstream  of  the  inlet,  is  presented  as  a  function  of  throttle  position  and 
auxiliary  fan  inverter  frequency.  Reference  velocities  up  to  111  ft/sec  are 
possible.  The  effect  of  moving  the  throttle  forward,  at  a  given  inverter  frequency, 
is  a  reduction  in  reference  velocity.  The  data  show  that  there  is  little  to  be 
gained  by  considering  more  than  5  inches  of  throttle  travel  or  by  moving  the 
throttle  full  open  position  aft  in  an  attempt  to  raise  the  maximum  reference 
velocity. 

Additional  data  showing  the  effect  of  throttle  position  on  performance  is 
presented  in  Figure  9.  Here  the  outer  casing  static  pressure  coefficient, 

(pw  ~  PaTM^/^REF*  where  pw  is  the  static  pressure  at  the  outer  casing  (and 
across  the  annulus  since  there  is  no  rotation  and  no  reason  for  streamline 
curvature  except  in  the  vicinity  of  axial  station  158  where  the  annulus  walls 
are  tapered  outward),  PaTM  atmospheric  pressure,  and  qggi  is  1/2  pV^gp,  is 
presented  as  a  function  of  axial  station  and  throttle  position.  The  ambient 
air  density,  p,  is  completely  determined  by  the  ambient  temperature  and 
static  pressure.  Station  zero  is  the  most  forward  point  on  the  plywood  inlet 
anti-rotation  vanes.  Figure  2.  As  shown  in  Figure  9,  the  static  pressure 
decreases  linearly  in  the  constant  area  region  downstream  of  the  inlet  and 
forward  of  Station  196  where  the  inlet  to  the  auxiliary  fan  rotor  is  located, 
with  a  small  perturbation  where  the  wall  taper  causes  area  changes,  and  then 
increases  downstream  of  the  rotor  to  a  level  that  is  a  function  of  the  throttle 
position.  The  spread  in  the  data  point  symbols  in  Figure  9  represents  the 
maximum  spread  obtained  from  analysis  of  all  the  test  conditions  shown  in 
Figure  8.  The  level  of  the  wall  pressure  coefficient  at  the  throttle  entrance, 
Station  231,  represents  available  excess  back  pressure  which  could  be  consumed 
upstream  in  disturbance  generators  or  in  other  losses.  The  actual  magnitude 
of  the  excess  pressure  available  is  shown  in  Figure  10  as  a  function  of  Vref 
and  throttle  position.  The  approximate  operational  limit  boundary  was  set  by 
consideration  of  the  sharp  drop  in  velocity  at  large  forward  throttle  positions 
shown  in  Figure  8.  It  is  evident  that  reference  velocities  as  high  as  80  ft/sec 
could  be  maintained  with  additional  losses  as  high  ns  5  or  6  inches  of  water 
due  to  the  insertion  of  flow  disturbance  generators  just  downstream  of  the  inlet. 
This  indicates  that  the  facility  has  a  capability  to  investigate  a  wide  variety 
of  conditions  at  the  test  rotor-stator  station. 

During  the  shakedown  tests,  mean  flow  measurements  taken  near  the  rotor 
exit  plane  using  the  United  Sensor  6  Controls  Corporation  Type  YC  probe 
indicated  that  the  flow  was  unsteady.  The  fluctuations  in  this  flow,  which 
should  be  steady,  were  attributed  to  the  fact  that  the  facility  was  completely 
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open  to  extraneous  ambient  influences,  and  to  the  possibility  that  laminar 
separation  could  be  occurring  on  the  bellmouth.  To  Isolate  the  flow  within 
the  annular  region,  the  anti-rotation  vane  structure  and  the  exhaust  throttle 
opening  ..vre  covered  witli  a  single  layer  of  Sears,  Roebuck  and  Company  Fiber¬ 
glass  Insect  Screen.  This  yielded  some  improvement.  The  anti-rotation  vane 
structure  was  then  altered  by  cutting  away  all  wood  not  needed  for  a  framework 
for  the  screening,  and  a  single  layer  of  1/8-inch  thick  Scott  Filter  Foam  was 
placed  on  the  bellmouth  surface.  In  addition,  a  1-inch  wide  sandpaper  boundary 
layer  trip  was  placed  on  the  bellmouth  surface.  Subsequent  tests  showed  that 
these  modifications  had  removed  the  unsteadiness.  Results  of  tests  made  after 
these  modifications  were  installed  are  shown  in  Figure  11.  These  data  were 
taken  with  the  facility  operating  at  a  reference  velocity  of  80  ft/sec  and  with 
the  probe  located  just  forward  of  the  rotor  inlet  plane.  The  data  are  plotted 
in  non-dimensional  form  for  circumferential  positions  directly  behind  the  anti¬ 
rotation  vanes,  0  ■  0s,  45®,  90®  and  135®,  and  midway  between  vanes,  0  ■  337.5°, 
22.5®,  67.5®  and  112.5°.  The  test  data  show  that  the  central  region  of  uniform 
flow  is  not  as  wide  immediately  behind  the  anti-rotation  vanes  as  it  is  in  the 
region  between  vanes.  This  result  was  expected.  A  minor  modification  which 
should  Improve  this  situation  has  been  made  since  the  data  of  Figure  11  was  taken. 
This  modification  consisted  of  smoothing  and  filling  all  Joints  and  cracks  where 
the  anti-rotation  vanes  mate  with  the  bellmouth.  At  present,  it  is  evident  that 
the  facility  does  provide  a  region  of  steady  uniform  flow  that  extends  over  the 
range  0.55  S  (RlocAi/rCASING)  ^  °-80  or  fro®  RLOCAL  *  5.9  Inches  to  R^OCAL  -  8-6 
inches.  It  is  hoped  that  the  last  modification,  noted  above,  will  extend  this 
region  to  RgoCAL  "9.1  inches.  Tests  to  determine  the  new  flow  characteristics 
will  be  conducted  during  the  summer  of  1972. 

TEST  ROTOR 


The  first  test  rotor  fabricated  for  use  in  the  AFRF  is  unique  in  that  it 
operates  with  no  head  input  at  design  conditions.  This  feature  was  incorporated 
to  permit  investigations  of  unsteady  flow  effects  in  the  absence  of  steady  rotor 
lift.  Positive  or  negative  steady  lift  can  be  produced;  however,  by  adjusting 
the  auxiliary  fan  speed  in  relation  to  the  test  rotor  speed.  Thus,  the  effects 
on  unsteady  flow  properties  of  incidence,  ranging  all  the  way  to  stall,  can  be 
investigated. 

A  photograph  of  this  rotor  with  12  blades  installed  is  shown  in  Figure  12. 
The  rotor  can  be  assembled  with  2,  3,  4,  6  or  12  blades  each  of  which  has  a 
chord  of  6  inches  and  a  span  of  5.9  inches.  Thus,  space-chord  ratios  defined 
at  the  mean  radius  of  7.75  inches  of  4.058,  2.705,  2.029,  1.353  and  0.676  can 
be  tested.  The  rotor  blades  have  a  10X  thick  uncambered  Cl  profile  which  has 
the  maximum  thickness  at  the  33Z  chord  point.  The  nominal  stagger  angle,  A, 
is  45°  at  the  mean  radius.  Stagger  angles  of  35®  and  55®  can  also  be  obtained 
by  rotating  the  blades  within  the  base  attachment  blocks.  The  rotor  blades  are 
made  of  Ren  DC-63-64  Plastic  which  was  cast  over  a  metal  base  mounting  plate. 
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DISTURBANCE  GENERATING  GRIDS 


A  total  of  six  disturbance  producing  grids  have  been  designed  and  fabricated 
for  mounting  In  the  AFRF  inlet.  The  grids  were  designed  to  produce  1,  2,  3,  A, 

5  or  6  cycle,  *102  amplitude,  sinusoidal  variations  in  axial  velocity  at  the 
rotor  inlet  station.  Photographs  of  three  of  the  grids  are  shown  in  Figure  A. 

The  grids  consist  of  a  support  grid  and  an  overlay  layer  composed  of  segments 
of  screening  which  has  programmed  variations  in  wire  and  mesh  sire.  The  cir¬ 
cumferential  extent  of  these  segments  has  been  adjusted  to  provide  a  circum¬ 
ferentially  varying  loss  in  total  pressure.  Under  ideal  conditions,  this  seg¬ 
mented  loss  in  total  pressure  at  the  screen  will  have  mixed  to  form  a  sinusoidal 
variation  in  total  pressure,  and  hence  axial  velocity,  by  the  time  the  flow 
reaches  the  rotor  inlet  station.  The  extent  to  which  this  is  realized  is  shown 
in  Figure  13.  These  measurements  were  the  first  taken  with  the  screens  and  do  not 
reflect  improvement  in  the  sinusoidal  nature  of  the  flow  which  has  been  realized 
due  to  minor  modifications  aimed  at  eliminating  both  slight  gaps  and  slight 
overlapping  at  overlay  segment  boundaries.  Fourier  analysis  has  shown  that  the 
flow  is  dominated  by  the  fundamental  in  each  case.  The  nominal  measured  amplitude 
variation  is  '62. 

INSTRUMENTATION  AND  CONFIGURATION  FOR  INITIAL  SERIES  OF  B1JVDK  ELEMENT  RESPONSE  TESTS 

Tltis  scries  of  tests  is  being  conducted  to  provide  a  direct  measurement 
of  fluctuating  lift  and  moment  developed  on  a  mid-span  chordwise  segment  of  a 
blade  on  the  AFRF  zero  mean  lift  rotor  due  to  operation  in  velocity  fields  that 
contain  a  sinusoidally  varying  axial  component.  These  data  will  he  used  to 
evaluate  the  adequacy  of  various  theoretical  models,  such  as  those  due  to 
Scars  (Reference  2),  Horloek  (Reference  3),  and  Naumann  (Reference  A),  which 
predict  isolated  airfoil  response  for  various  gust/airfoil  interactions.  Through 
relatively  simple  modifications  in  AFRF  configuration  and  operating  conditions, 
it  will  be  possible  to  define  the  effect  of  changes  in  rotor  space-chord  ratio, 
reduced  frequency,  blade  stnRger  angle  and  blade  mean  incidence. 

The  AFRF  configuration  for  these  tests  is  Identical  to  the  basic  configuration 
illustrated  in  Figure  1  except  for  the  following: 

(1)  A  1-,  2-,  3-,  A-,  3-  or  6-cycle  wire  grid  disturbance  producing  screen, 
of  the  type  shown  in  Figure  A,  will  be  mounted  at  the  upstream  end 

of  the  disturbance  generating  section. 

(2)  A  rotor  hub  carrying  2,  3,  A,  6  or  12  blades  set  at  33*,  A5*  or  55* 
stagger  at  the  mid-radius  will  be  installed  with  a  single  blade 
instrumented  for  measurement  of  fluctuating  lift  and  pitching  moment. 

(3)  A  multi-channel  slip-rinR  unit  will  be  Installed  over  the  rotor  shaft 
and  within  the  9.50  inch  diameter  centerbody  for  transmission  of  power 
to  and  signals  from  the  instrumented  blade. 
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The  range  of  reduced  frequencies,  w,  possible  at  zero  mean  incidence  with  the 
noted  variations  in  stagger  angle  and  number  of  inflow  disturbance  cycles,  N, 
is  shown  in  Figure  14  for  the  mid-radius  location.  Testing  at  positive  incidence 
leads  to  slightly  higher  values  of  u)  at  otherwise  identical  conditions.  Variations 
in  Incidence  can  be  extended  into  the  blade  stall  region.  The  space-chord  ratios 
to  be  tested  span  the  range  from  "isolated  airfoil"  at  4.058  to  "strong  blade 
interaction"  at  0.676. 

A  schematic  showing  the  features  of  the  system  that  will  be  used  to  measure 
rotor  blade  section  fluctuating  lift  and  pitching  moment  is  presented  in  Figure  15. 
The  main  features  of  this  system  are: 

(1)  A  1-inch  span  blade  segment  is  cantilevered  from  the  blade  hub  at 
the  mid-chord  position  by  means  of  a  beam  that  has  the  lower 
portion  of  its  length  machined  as  a  torque  tube  and  the  upper  portion 
of  its  length  machined  as  a  force  cube.  The  center  section  of  the 
blade  segment  is  located  at  the  mean  radius,  7.75  inches.  The  torque 
tube  and  force  cube  have  been  instrumented  using  Micro-Measurement 
120  Ohm  Foil  Type  Precision  Strain  Cages. 

(2)  The  1-inch  span  segment  is  made  of  magnesium  to  minimize  mass  and 
moment  of  inertia  and  is  structurally  independent  of  the  rotor  blade 
except  for  the  cantilever  mount.  The  aluminum  outer  portion  of  the 
blade  attaches  to  posts  on  the  aluminum  hub  section  which  pass  through 
slots  in  the  instrumented  section.  A  clearance  of  0.005  inches 
minimum  has  been  specified  for  each  mating  surface  for  the  initial 
measurement  attempts.  The  magnesium  segment  has  been  mass-balanced 

to  preclude  uneven  displacement. 

(3)  Input  power  and  signal  transmission  lines  will  run  from  the  rotor 
blade  through  the  rotor  hub  to  the  hollow  rotor  shaft,  downstream 
through  the  shaft  to  an  over-shaft  slip  ring  unit,  and  then  out 
through  holes  drilled  in  the  aft  support  fins  shown  in  Figure  1. 

An  instrumentation  schematic  of  the  anticipated  set-up  for  these  tests  is  shown 
in  Figure  16.  The  results  of  static  and  dynamic  calibration  tests  of  the  torque 
tube/force  cube  sensor  are  shown  in  Figures  17  and  18,  respectively.  Pilot 
tests  of  this  system  in  the  AFRF  arc  scheduled  for  September  1972.  These  tests 
will  be  initiated  using  the  1-cycle  disturbance  generating  screen  and  a  rotor 
speed  on  the  order  of  1200  RPM.  Thus ,  the  frequency  with  which  the  blade  moves 
through  the  disturbance  will  be  on  the  order  of  20  cyclcs/sec.  This  frequency 
is  low  enough  to  avoid  any  complications  due  to  the  torque  tube/force  cube  system 
resonance  at  178  cycles/scc. 

Calculations  of  the  estimated  lift  and  moment  output  have  been  made  using 
the  method  of  Reference  3  for  the  zero  mean  incidence  case  with  a  mean  throughflow 
velocity  of  80  ft/sec.  A  16X  velocity  variation  due  to  the  action  of  the 
disturbance  producing  screens  was  used  in  these  col culat 1 ons .  The  fluctuating 
lift  was  assumed  to  act  at  the  quarter-chord  point  in  making  the  moment  estimates. 
This  is  in  accord  with  the  theory  of  Reference  2.  The  results  of  these  calculations 
and  the  estimated  strain  gage  output  arc  presented  in  the  following  tabulation: 
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No. 

of  Disturbance 

u> 

|AL| 

Estimated  Strain 

|am| 

Estimated  Strain 

Cycles 

Gage  Output  Due 

Gage  Output  Due 

to  | al| 

to  | AH | 

oz. 

volts 

in.-oz 

volts 

1 

0.274 

1.265 

0.151 

1.889 

0.106 

3 

0.821 

0.816 

0.097 

1.232 

0.069 

6 

1.642 

0.592 

0.070 

0.897 

0.050 

The 

level  of  this 

output 

voltage  is 

large  enough  for 

accurate 

measurement . 

When  the  tests  described  above  have  been  completed  and  the.  validity  of  the 
test  results  has  been  determined,  the  task  of  measuring  the  chordvise  distribution 
of  unsteady  differential  pressure  on  the  rotor  will  be  initiated.  Preliminary 
tests  of  this  system  and  layouts  of  the  Installation  have  been  completed. 

However,  these  tests  arc  being  held  in  abeyance  until  results  from  the  force 
and  moment  measurement  tests  have  been  obtained. 

SUMMARY 

A  description  of  the  ORL  Axial  Flow  Research  Fan  has  been  presented.  This 
facility  became  operational  in  January  1972.  The  facility  was  designed  speci¬ 
fically  to  provide  a  capability  for  detailed  research  which  will  define  the 
response  of  axial  flow  turbomachincry  blade  elements  and/or  blade  rows  to  unsteady 
flows  of  the  type  encountered  in  practice.  Thus,  it  provides  a  unique  capability 
for  the  generation  of  design  data  and  for  phenomenological  studies  whose  results 
can  be  used  to  evaluate  the  adequacy  of  theoretical  models  of  these  flows. 

The  report  also  Includes  a  description  of  the  instrumentation  used  in  the 
shakedown  test  phase  and  the  results  of  the  shakedown  tests.  In  addition, 
certain  specialized  facility  components  and  test  programs  are  described  in 
detail.  Those  include  the  first  test  rotor,  the  flow  disturbance  generating 
grids,  and  the  test  program  to  measure  unsteady  lift  and  moment  on  a  rotor 
blade  segment. 
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Figure  9.  ORl.  Axial  Flow  Research  Fan  Static  Pressure 
Distribution  Vs.  Throttle  Position 
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Figure  11c.  AFRF  Shakedown  Test  No.  24  -  Total  Pressure  vs  Radius 
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Figure  14 


Variation  of  Reduced  Frequency  at  Zero  Mean 
Incidence  With  Number  of  Disturbance  Cycles 
per  Revolution  and  Stagger  Angle 
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Figure  17.  Results  of  Static  Calibration  of  AFRF  Instrumented  Hlado  Sensor 
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